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Introduction Membrane Bioreactor MembranesMembrane Fouling
 Objective of the Research Experimental Methods Result and Discussion Conclusion
 Outlines
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Membrane bioreactor (MBR) is the combination of a membrane process to treat wastewater (Judd, 2006).
 For the use of membrane technology in biological wastewater treatment applications, the following need to be considered;
 1 Membrane materials and module.2 Configuration of MBR.3 Membrane fouling phenomena.
 Membrane Bioreactor (MBR)
 Judd, The MBR book (2006) Principles and applications of membrane bioreactors in water and wastewater treatment, Elsevier, Oxford ISBN 1856174816
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The MBR process was introduced in the late 1960s by Dorr-Oliver
 Inc. as a commercial scale.
 It was initially used for ship-board sewage treatment, later he
 combined the use of an activated sludge bioreactor with a cross
 flow membrane filtration loop (Ho and Sirkar, 1992).
 The break through for MBR came in 1989 with Yamamoto and co-
 workers idea of submerging the membranes in activated sludge
 tanks (bioreactor) where the static pressure contribute to extraction
 (Mallevialle et al., 1996).
 MBR History and Development
 Mallevialle, J., Odendall, P.E., and Wiesner, M.R. 1996. Water treatment membrane processes. McGraw-Hill, New YorkWinston Ho, Kamalesh Sirkar (1992). Membrane Handbook. Springer US 0412988712, 9780412988714
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Membrane are thin barriers or films of material that allow certain
 substances to pass.
 Synthetic membranes are usually 100 to 500 microns thick.
 Membranes that allow only some substrates to pass through them are
 called semi permeable membranes.
 Useful membranes can be made from polymers, ceramics, metals, or
 porous materials impregnated with liquid or gelatin-like substances.
 Membrane
 NH3
 calcitriolErythropoeitin,Renin
 H2OC6H12O6
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Selective BarrierPoliamide
 PolyesterSupport
 Polysulfone
 20
 μm
 MEMBRANE MATERIALS
 Polymer (PS, PGA, PVDF, , PA)
 Ceremics (TiO2, Al2O3 , ZrO2, SiO2)
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Pore Size:
 Microfiltration
 Ultra filtration
 Nano filtration
 Reverse Osmosis (RO)
 Configuration
 Flat sheet
 Hollow fiber
 Type of Membranes
 Hollow fiber Flat sheet
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Is serve as a selective barrier between two phases and remain impermeable to specific particles, molecules or substances when it comes to action of a driving force
 Membrane4
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Hollow Membrane
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Flat Sheet Membrane
 Very suitable for small
 systems.
 Micro Filtration (0.08 –
 0.3 microns).
 Less chance of clogging
 Rugged construction –
 strong, durable.
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The Highest, Consistent Effluent Quality and lower sludge production (Hai et
 al., 2014; Judd, 2012)
 Ability to treat difficult wastewater
 Complete virus removal
 Significant nutrient removal capability
 BOD < 5 mg/L
 TSS < 2 mg/L
 Turbidity < 0.5 NTU
 Fecal coli form < 200 CFU/100 mL (without disinfection)
 Reduction of pharmaceutical byproducts
 Simple to operate and Energy efficient etc.
 Why MBR?
 Hai, F.I. Yamamoto, C.H. Lee (2014). Membrane Biological Reactors: Theory Modelling, Design, Management and Application to Wastewater Reuse, IWA Publishing, London.
 Judd S. ( 2011). The MBR book: Principles and application of Membrane Bioreactor for Water and Wastewater Treatment, Butterworth Heinemann, Oxford.
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Membrane fouling is a process whereby a solution or a particle is deposited
 on a membrane surface or pores in a MBR, so that the membrane
 performance is degraded (Meng et al., 2008).
 Membrane fouling can cause severe flux decline and affect the quality of the
 water produced.
 There are various types of foulants:
 o Colloidal (clays, flocs).
 o Biological (bacteria, fungi).
 o Organic (oils, polyelectrolytes, humics).
 o And scaling (mineral precipitates) as reported by Baker (2004).
 FOULING MEMBRANE
 Meng, Fangang; Yang, Fenglin; Shi, Baoqiang; Zhang, Hanmin (2008). "A comprehensive study on membrane fouling in submerged membrane bioreactors operated under different aeration intensities". ScienceDirect 59 (1): 91-100. Retrieved 15 April 2015.
 Baker, R.W. (2004). Membrane Technology and Applications, England: John Wiley & Sons Ltd
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Types of Fouling
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The main objective of the study is to;
 Identify proteins involved in the physically
 irreversible fouling in a continuous
 operation MBR’s treating real municipal
 water.
 Objectives of the Study
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MethodsContinues Operation ofPilot Scale MBRS
 Hollow FiberMF Membrane (PVDF)T. S. Area=1.3m2
 Pore Side = 0.4umSRT =12 daysM.F=0.8 m3/m2/day I. F.=12 min F,12min PHRT = 5 hoursMLSS = 1.3 g/LOperation Time=15 d
 Hollow FiberMF Membrane (PVDF)T. S. Area=1.3m2
 Pore Side = 0.4umSRT =12 daysM.F=0.8 m3/m2/day I. F.=12 min F,12min PHRT = 5 hoursMLSS = 1.3 g/LOperation Time=15 d
 All the three MBRs were fed with the same wastewater delivered from the inlet of the primary sedimentation basin of the facility .MBR 1 and MBR 2 are identical (Miyoshi et al., 2011)
 Hollow FiberMF Membrane (PVDF)T. S. Area=1.3m2
 Pore Side = 0.4umSRT = 49 daysM.F=0.8 m3/m2/day I. F.=12 min F,12min PHRT = 5 hoursMLSS = 9.8 g/LOperation Time=15 d
 Hollow FiberMF Membrane (PVDF)T. S. Area=1.3m2
 Pore Side = 0.4umSRT = 49 daysM.F=0.8 m3/m2/day I. F.=12 min F,12min PHRT = 5 hoursMLSS = 9.8 g/LOperation Time=15 d
 Flat SheetMF Membrane (PVDF)T. S. Area=6.82m2
 Pore Side = 0.1umSRTs =39daysM.F(5)=0.4 m3/m2/day M.F=0.8 m3/m2/day I. F.=15 min F,1min PHRT = 2.9 hoursMLSS = 16.4+ 1.4 g/LOperation Time=15 d
 Flat SheetMF Membrane (PVDF)T. S. Area=6.82m2
 Pore Side = 0.1umSRTs =39daysM.F(5)=0.4 m3/m2/day M.F=0.8 m3/m2/day I. F.=15 min F,1min PHRT = 2.9 hoursMLSS = 16.4+ 1.4 g/LOperation Time=15 d
 MBR 1 MBR 2 MBR 3
 MF= Micro-filtration membraneSRT= suspension Retention TimesM.F= Membrane FluxI.F.= Intermittent FiltrationHRT= Hydraulic Retention TimeMLSS=Mixed Liqour Suspended Solid
 Miyoshi, T., Aizawa, T., Kimura, K., Watanabe, Y., 2011. Characteristics of proteins involved in membrane fouling in membrane bioreactors (MBRs) treating municipal wastewater: the application of metaproteomic analyses. Desalination and Water Treatment 34, 150e155.
 Nb : In all MBRs. Biomass were allowed to aclimatized for 3 months.
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The degree of membrane fouling was calculated prior to extraction of foulants by the following equation:
 Where:J = Membrane permeate flux (m3/m2/s)∆P = Transmembrane pressure (Pa) μ = Viscosity of permeate (Pa s)Rt = Total Filrattion resistance (m-1)
 Rf = Fouling resistance (m-1)
 Physical cleaning method was done to eliminate all the reversible foulants (Miyoshi et al., 2009).
 Degree of Membrane Fouling
 Miyoshi, T., Tsuyuhara, T., Ogyu, R., Kimura, K., Watanabe, Y., 2009. Seasonal variation in membrane fouling in membrane bioreactors (MBRs) treating municipal wastewater. Water Research 43, 5109e5118.
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Foulants that cause physically irreversible fouling were extracted from the
 fouled membranes by soaking in NaOH (2L) at 30oC for 24h.
 The pH of the extraction solution was set at 12.
 After the extraction, the concentration of:
 TOC was determine using TOC analyser.
 Total Protein using method described by Lowry et al. (1951).
 Total Carbohydrate by phenol sulfuric method (Dubois et al.,
 1951).
 Amino acid composition of the extracted foulants was determined using L-8900
 (Hitachi, Tokyo Japan).
 Extraction of the Foulants
 Dubois, M., Gilles, K.A., Hamilton, J.K., Rebers, P.A., Smith, F., 1956. Colorimetric method for determination of sugars and related substances. Analytical Chemistry 28, 350e356.Lowry, O.H., Rosebrough, N.J., Farr, A.L., Randall, R.J., 1951. Protein measurement with the Folin phenol reagent. The Journal of Biological Chemistry 193, 265e275.
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Dried pellets of the proteins was subjected to
 separation using SDS-PAGEor 2D PAGE.
 SDS PAGE with a 12% polyacrylamide separation gel
 and 5% condensation gel was performed by the method
 of Laemmli (1970).
 For 2D PAGE, the pellets were resuspend in 50μL of
 sample solubilization buffer.
 Separation of the Protein Using Gel Electrophoresis
 Laemmli, U.K., 1970. Cleavage of structural proteins during the assembly of the head of bacteriophage T4. Nature 227, 680e685.
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After 2D-PAGE, separated proteins were electroblotted onto a
 Polyvinylidene fluoride (PVDF) membrane.
 The spot of the selected proteins were cut out and subjected to N-
 terminal analysis.
 The N-terminal amino acid sequences were determined by
 automated Edman degradation using pulsed-liquid sequence
 analyzer (Procise 492, Perkin Elmer, Foster City, CA, USA)
 Amino acid sequences were searched using protein blast at
 http://blast.ncbi.nlm.nih.gov/
 Protein Identification Using N-terminal Amino Acid Sequencing
 Analysis
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The foulants that caused physically irreversible fouling were
 extracted at the end of the continuous operation, and then their
 characteristics were investigated.
 More proteins than carbohydrates were extracted from from
 the fouled membranes of both MBRs (MBR1 and MBR2).
 Results and Discussion
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The amino acids analysis of the proteins that cause irreversible
 fouling reveal similar proteins in both membranes (Fig. 1)
 which is in agreement with the work done by Huang et al.
 (2012).
 Further analysis of the proteins using SDS PAGE/2D PAGE
 gave more insight as illustrated in Fig. 2 and Fig 3.
 Cont.
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Cont.
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The identification of the protein with N-terminal aa’s
 sequencing analysis revealed: OprF protein originated from
 Pseudomonas flurescens in MBR1 and OprD from
 Pseudomonas mandelli (Table 2). Both OprF and OprD have β-barrel structures and are embedded
 in the outer cell membrane which comprise of LPS (Biswas et al., 2007; Staatsuma and Soares, 2009)
 Cont.
 Biswas, S., Mohammad, M.M., Patel, D.R., Movileanu, L., van den Berg, B., 2007. Structural insight into OprD substrate specificity. Nature Structural and Molecular Biology 14, 1108e1109.Staatsuma, T.P., Soares, T.A., 2009. Characterization of the outer membrane protein OprF of Pseudomonas aeruginosa in a lipopolysaccharide membrane by computer simulation. Proteins 74, 475e488.
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The study investigated the details of proteins that caused
 physically irreversible fouling in a continuous operation of MBRs
 treating real wastewater.
 The results of 2D-PAGE analysis indicated that the compositions
 of the proteins that caused physically irreversible fouling
 significantly differed depending on the SRT.
 Analyzing selected 2D-PAGE spots by N.T.A.S.A led to the
 identification of two well characterized outer membrane proteins
 originating from Pseudomonas genus, namely OprF and OprD.
 Conclusion
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